T he increase worldwide in vaccination coverage against pertussis has substantially reduced the morbidity and mortality associated with this disease. However, because of variability in age-specific vaccine coverage rates and waning immunity, the epidemiologic pattern of pertussis in developed countries has radically changed. Managing pertussis in a setting with high rates of vaccination uptake requires knowledge of the clinical picture of pertussis according to the vaccination status and age of the patient, the most sensitive and timely laboratory tests for diagnosis, and the safest and most efficacious methods of treatment and prophylaxis. In this article we review recent findings and issues in the diagnosis, treatment and prophylaxis of pertussis. (An outline of our strategy for the literature search is available in Appendix 1.)
Epidemiology and pathogenesis
In the 1990s Bordetella pertussis caused an estimated 20 to 40 million cases of pertussis worldwide and 200 000 to 400 000 deaths each year. 1 Although improved vaccination coverage has decreased the incidence of pertussis dramatically over the last decade, many developed countries have recently experienced a resurgence of the disease among infants too young to be vaccinated and among adolescents and adults. [2] [3] [4] [5] [6] Outbreaks have been reported even in populations with high vaccination coverage, primarily because of waning immunity, which results in a large number of susceptible adolescents and adults. 7 Indeed, neither natural infection nor primary immunization induces permanent immunity. 8 Because of its variable presentation among patients with different degrees of susceptibility, pertussis is likely largely underdiagnosed among young infants and among adults unless an outbreak occurs.
B. pertussis is transmitted person to person by close contact with aerosolized droplets. The incubation period may vary between 6 and 21 days but is typically 6-10 days. Bacteria invade and damage the epithelium of the airway and the alveoli through the combined action of several virulence factors that interfere with normal ciliary movement ( Fig. 1) , namely fimbriae, pertactin, pertussis toxin, filamentous hemagglutinin, adenylate cyclase, tracheal cytotoxin, dermonecrotic toxin, lipopolysaccharide, tracheal colonization factor, serum resistance factor and type III secretion. 9 Symptoms of pertussis may persist long after clearance of the infecting organism has occurred.
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Clinical presentation
After the incubation period, pertussis begins with a catarrhal phase. This phase lasts 1-2 weeks, during which patients are most contagious, and it is clinically indistinguishable from a mild upper respiratory tract infection. As the catarrhal stage progresses, the cough increases in frequency and severity. The subsequent paroxysmal phase, which lasts 3-6 weeks, is characterized by spells of coughing with the characteristic whoop, vomiting, cyanosis and apnea. The symptoms gradually decrease in severity during the convalescent phase, which can last up to several months ( Table 1) .
The clinical course may be influenced by various factors, including age, sex and immunization status of the patient ( Table 2, Table 3 ). Observations made on the determinants of the clinical presentation of 788 laboratory-confirmed cases of pertussis in children during a trial in Italy of acellular pertussis vaccines found that the clinical course of pertussis was independent of age and sex until the age of 3; after this age, the duration of spasmodic cough was 7 days longer among girls than among boys and decreased with age, and the duration of cough increased. 11 Many children under 6 months of age do not develop paroxysmal cough or the characteristic inspiratory whoop. Recurrent episodes of apnea, cyanosis and bradycardia can dominate the clinical
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Complications
The most frequent complication observed in children is pneumonia, which occurs in 6% of cases. 17 Other complications include sinusitis, otitis media, viral and bacterial superinfections, nutritional deficiencies resulting from repeated vomiting and neurologic complications, which are due mostly to hypoxia during coughing spells and apnea. 8, 17 In 1990 it was estimated that 50 000 children worldwide experienced long-term neurologic complications of pertussis, 18 and in the late 1990s it was reported that 0.9 per 100 000 pertussis cases were complicated by encephalopathy. 19 The risk of complications is higher among infants and adults than among older children and adolescents. In a prospective case series in Germany, the rate of complications among infants less than 6 months of age was 24%, as compared with 5% among older children. 17 In the first 2 months of life, pneumonia, seizures and encephalopathy have been reported in 25%, 3% and 1% of cases, respectively. 20 Cardiac arrhythmias and episodes of intractable hypoglycemia have also been reported.
14 After childhood, the risk of complications increases with age. 15, 17 Pneumonia has been observed in 2% of patients less than 30 years of age, as compared with 5%-9% of older patients. Syncope, urinary incontinence, back pain, rib fracture and hernia have been also described. 8, 15 Severe paroxysm, post-tussive cyanosis, whooping, posttussive vomiting, apnea, pneumonia and seizures are the most frequent reasons patients are admitted to hospital, regardless of age. [21] [22] [23] Infants, especially those who have not been vaccinated or have been incompletely vaccinated, are the most likely to require hospital care. 6, [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] Birth before 37 weeks' gestation and low birth weight have been inconsistently indicated as independent risk factors for hospital admission. 21, 23 Death from pertussis is inversely related to age, with almost 90% of reported deaths occurring in unvaccinated 
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Lianne Friesen and Nicholas Woolridge infants less than 1 year old, who have a case-fatality rate of 0.6%. 20, 31, 32 High levels of leukocytosis and lymphocytosis may predict a fatal outcome in children admitted to hospital. [32] [33] [34] [35] An association between pertussis and sudden unexpected death in infants has been observed. 36 Therefore, pertussis should be ruled out in cases of sudden infant death syndrome.
Diagnosis
A mild increase in the leukocyte count and marked lymphocytosis are classic markers of pertussis and have been shown to be useful indicators of the disease if observed with typical symptoms or positive microbiological assay results. 37 Traditional laboratory methods for diagnosis include identification of B. pertussis through culture of nasopharyngeal secretions and serologic testing for evidence of seroconversion of specific antibodies in the convalescent phase of the disease compared with the acute phase. High rates of vaccination coverage, the occurrence of cases with mild symptoms, recurrence of natural exposure and the increased age at which pertussis develops influence the sensitivity and specificity of the laboratory methods (Table 4) , and no single assay is considered to be the "gold standard" in common practice.
For culture, nasopharyngeal secretions are collected through swabbing or aspiration. Culture takes several days to be completed and includes an enrichment step and the use of selective media in order to prevent growth of competing organisms of the upper respiratory tract. 9 Although the positive predictive value is 100%, the sensitivity of culture is highest in the early stage of infection, before the natural clearance of bacteria, in severe cases, in unvaccinated patients and in infants (Table 1) . [46] [47] [48] The likelihood of a positive result may be negatively affected by antibiotic treatment.
Polymerase chain reaction (PCR) methods enhance the probability of identification of B. pertussis, since positive results may be obtained even when the organism is no longer culturable. In a recent study in France involving 217 adults with persistent cough, 70 had laboratory-confirmed pertussis (confirmed by culture, PCR or serologic testing); of these cases, only 1 was confirmed by means of culture, as compared with 36 by PCR. 40 PCR assays require the availability of adequate specimens as well as particular laboratory experience, since the risk of false-positive results is high. 49 Sensitivity and specificity of PCR depend on the primers used, and various combined techniques have been reported to enhance the performance of this method. 50, 51 However, the sensitivity of PCR decreases with the duration of symptoms, since the method is based on the detection of the microorganism.
Serologic testing is based on the identification of a significant variation in IgG or IgA titres against the most relDiagnosis and management of pertussis 
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Note: ↓ = decrease, ↑ = increase, ↔ = no effect. *Antibiotic use thought to be a marker of disease severity. †Female sex was associated with a longer duration of spasmodic cough only in children over 33 months of age. ‡Age was inversely related to duration of spasmodic cough only in children over 33 months of age.
evant virulence factors of B. pertussis between the acute and the convalescent phases of the disease. The antigens most often targeted by such testing are pertussis toxin, filamentous hemagglutinin and pertactin. However, the ability to show seroconversion may be affected by the previous immunological priming of the patient (owing to vaccination or previous infection) and by when serum samples are collected. If the acute sample is taken after the specific humoral response has already been elicited, seroconversion may be difficult to detect. In one study, although a vigorous antibody response to adenylate cyclase toxin was elicited by natural infection in previously unvaccinated patients, the response was very limited in patients who had been vaccinated. 52 Therefore, diagnosis by means of serologic testing may be difficult in vaccinated or adult patients.
Identification of a cutoff value for detecting acute infection from a single serum sample has been attempted by studying the kinetics of the humoral response. [53] [54] [55] Only humoral responses to pertussis toxin have been shown to be consistent among vaccinated and unvaccinated patients. Responses to filamentous hemagglutinin have had a lower specificity than responses to pertussis toxin, possibly because of cross-reactions with antigens of different origins. Responses to pertactin have had a lower sensitivity than those to the other 2 antigens. Wide use of serum IgG antipertussis toxin antibody levels as a diagnostic indicator, however, is limited. The decay of IgG anti-pertussis toxin antibody levels is more rapid than that of IgG levels in response to filamentous hemagglutinin, pertactin or fimbriae, 53, 54 and the antibody response to pertussis toxin has been found to vary considerably, both in magnitude and in duration, between individuals. 55 Only a small subset of patients may have a humoral response of sufficient magnitude and duration for diagnosis. 55 Nevertheless, a serum IgG anti-pertussis toxin antibody level above 100-125 EU/mL has been considered a reasonable threshold for a positive test result. 8 The variability of results, the usefulness of this method only late in the clinical course of the disease and the lack of standardized commercial test kits make serologic testing difficult to use in common practice with reproducible results. A combination of various methods should be used instead, matching culture or PCR results with serologic test results. 
Treatment
Since a timely laboratory confirmation of pertussis diagnosis is problematic, administering an antibiotic on the basis of a clinical diagnosis should be considered. Antibiotics eradicate B. pertussis from the airway but limit the severity of disease only if started in the catarrhal phase (Table 1) . 56, 57 The standard treatment of pertussis has been a full dose of erythromycin for 14 days. 58 Evidence suggests that a shorter, 7-day course is equally effective. 59 More recently many national agencies have tended to encourage the use of other macrolides for therapy. 60 New macrolides exhibit high and sustained intracellular penetration and therefore may be particularly effective against organisms such as B. pertussis, although they are more expensive than erythromycin. 61 Azithromycin, 10 mg/kg on the first day followed by a daily dose of 5 mg/kg (maximum dose 1000 mg on day 1 and 500 mg on days 2 to 5), has been shown to be effective in eradicating B. pertussis in 97% of cases after 2-3 days and in 100% after 14-21 days. 62 In a study involving 37 patients aged 2-18 months who were given azithromycin for 3-5 days, 94% had negative cultures for pertussis 7 days after the initiation of therapy and 100% had negative cultures 14 days after the initiation of therapy. 63 A comparison of erythromycin with azithromycin in a pediatric population showed that the drugs were equally effective in eradicating B. pertussis (100% efficacy) 1 week after the end of treatment. 57 Clarithromycin has been shown to be efficacious in treating patients with pertussis as well. 64 Resistance to erythromycin seems exceptional, but sensitivity to this and other macrolides is rarely performed during laboratory diagnosis. 65 In case of intolerance to macrolides or resistance, use of trimethoprim-sulfamethoxazole (8 and 40 mg/kg per day, respectively, in divided doses) is indicated. 58 The frequent gastrointestinal side effects observed in patients treated with erythromycin may reduce compliance. 57 Moreover, the administration of erythromycin in infants may be associated with pyloric stenosis in up to 3.5% of cases. 66 Gastrointestinal symptoms such as nausea, vomiting or diarrhea are observed in up to 41% of patients given erythromycin 57 and in up to 19% of those given azithromycin. 57, 62 Azithromycin has also been associated with a slight and transient elevation of liver enzyme levels in up to 20% of patients. 63 Attention must be paid to potential drug interactions. Erythromycin can increase serum concentrations of theophylline, carbamazepine, warfarin, cyclosporine and terfenadine when administered concurrently. Clarithromycin interacts with theophylline, carbamazepine and terfenadine. The effect of these drugs administrated concurrently with azithromycin has not been studied. 61 Use of dexbrompheniramine plus pseudoephedrine for 1 week, or ipratropium (0.06%) nasal spray for 1 week, has been proposed for the treatment of cough. Alternatively, inhaled ipratropium therapy (four 18-µg puffs 4 times daily using a metered-dose inhaler with spacer) for 1-3 weeks, systemic corticosteroid therapy tapered over 2-3 weeks, or antitussives acting on the cough centre in the brain have been used. 67 However, a recent systematic review that examined the efficacy of antihistamines, diphenhydramine, corticosteroids and salbutamol concluded that the effectiveness of these therapies in treating cough in pertussis is uncertain and that their use is not justified. 68 Treatment of severe cases is mostly supportive. In some cases intravenous pertussis immune globulin therapy has been shown to decrease whooping, to improve oxygen saturation and to stop bradicardic episodes. 69, 70 Recently, leukopheresis and exchange transfusion have been proposed to reduce the leukocyte mass in cases with very high leukocyte counts. 71 Extracorporeal membrane oxygenation is widely used in the management of severe pertussis, but it has had limited success, and pertussis severe enough to require its use is in itself a predictor of a poor outcome. 32, 34 Diagnosis and management of pertussis 
Prevention of secondary cases
Prevention of secondary cases is of upmost importance in health care settings and in households with infants. An accelerated schedule for vaccinating children less than 7 years old who have not completed their primary vaccinations is recommended, and the first dose of vaccine can be administered as early as 6 weeks of age. 72 Close contacts should also receive antibiotic prophylaxis ( Table 5 ). The US Centers for Disease Control and Prevention (CDC) still recommends erythromycin as the drug of choice in these cases except in infants 2 weeks of age or younger. The treatment should extend over 14 days for the prevention of health care-associated pneumonia. 72 Patients intolerant to erythromycin or infants too young to be given the drug should be treated with azithromycin or clarithromycin. Those who do not tolerate macrolides should receive trimethoprim-sulfamethoxazole. 72 Patients are considered not to be contagious after 5 days of antimicrobial treatment, or 21 days after the onset of cough if unable to take antibiotics.
Despite evidence that antibiotic prophylaxis has been successful in controlling outbreaks of pertussis, the effectiveness of erythromycin therapy in preventing individual secondary cases of pertussis has been considered modest. 73, 74 Erythromycin prophylaxis is more efficacious if initiated within 21 days (preferably 14 days) of onset of paroxysmal cough in the index case.
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Conclusion
Long after the discovery of effective antibiotic treatments and the implementation of universal vaccination strategies, pertussis remains a disease associated with an important burden even in developed countries. Since the clinical presentation of pertussis has changed because of vaccination, the disease likely is largely underdiagnosed. The development of sensitive and standardized diagnostic methods is essential. Treatment and prophylaxis with macrolides other than erythromycin will likely ensure better compliance.
